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1. 

SENSORDEVICE 

BACKGROUND 

1. Technical Field 
The present invention relates to a sensor device and, more 

particularly, to a sensor device in which a sensor section and 
a circuit section are formed on the same Substrate. 

2. Related Art 
Of sensor devices having a monolithic structure in which a 

sensor section and a circuit section are formed on the same 
Substrate, a sensor device configured to prevent the circuit 
section from being contaminated is disclosed in Patent Docu 
ment 1. 

In a sensor device (MEMS microphone) disclosed in Patent 
Document 1, a sensor section (“MEMS device 200” in Patent 
Document 1) is provided in a center of an upper surface of the 
Substrate, and a circuit section (“driving/sensing circuitry 
300 in Patent Document 1) is provided around the sensor 
section. At a boundary between the sensor section and circuit 
section, a barrier structure (“barrier 500 in Patent Document 
1) is provided so as to fully Surround the sensor section. Thus, 
providing the barrier structure between the sensor section and 
circuit section prevents contamination (ion, etc.) from being 
transferred from the sensor section to circuit section and 
further prevents moisture or foreign Substances that have 
entered the sensor section from an external environment from 
entering the circuit section. 

In the sensor device disclosed in Patent Document 1, the 
barrier structure is provided at the boundary between the 
circuit section and sensor section, so that protective effect can 
be seen against interference between the circuit section and 
sensor section in a direction parallel to a substrate surface, 
particularly, against movement of contamination, such as ion 
or foreign substances, between the circuit section and sensor 
section. 

However, such a barrier structure does not have effect of 
protecting the circuit section from disturbance coming from a 
direction perpendicular to the upper surface of the substrate. 
Further, the barrier structure does not have the protective 
effect also against disturbance entering the circuit section 
from a side of surface side of the substrate. When disturbance 
Such as an electromagnetic wave, light, moisture, or impuri 
ties (ion) enters the circuit section from the direction perpen 
dicular to the substrate or the side of surface side of the 
Substrate, adverse effect such as characteristic degradation, 
malfunction, or failure may occur in the circuit section. 

In the case of a general electronic circuit (semiconductor 
integrated circuit), there is adopted a method that resin-seals 
the entire circuit section with a molded package so as to 
protect the circuit section from disturbance from an external 
environment. However, in a case where the sensor section 
Such as a microphone is provided on the same Substrate as the 
circuit section, a package having a hollow structure is 
required so as to detect acoustic vibration. In addition, in 
order to introduce the acoustic vibration into the package, an 
opening needs to be formed in the package. Thus, in a sensor 
device having the monolithic structure in which the circuit 
section and sensor section Such as the microphone are formed 
on the same substrate, it is difficult to cover the entire sensor 
device with resin for sealing. Further, in the monolithic struc 
ture, covering only the circuit section with resin may involve 
a risk that the resin adheres to the sensor section to obstruct 
operation of the sensor section and, thus, application of the 
above-described method to the monolithic structure is diffi 
cult. Such a situation is the same with a sensor device in which 
a sensor section other than the microphone is mounted. 

Patent Document 1: U.S. Pat. No. 7,863,714 (FIG. 1) 

SUMMARY 

One or more embodiments of the present invention protects 
the circuit section from contamination or disturbance more 
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2 
reliably in a sensor device having a monolithic structure in 
which the sensor section and circuit section are integrally 
formed. 
A sensor device according to one or more embodiments of 

the present invention includes: a Substrate; a sensor section 
provided on an upper Surface of the Substrate; a circuit section 
provided on the upper surface of the substrate; a plurality of 
connection pads electrically conducted with the sensor sec 
tion or the circuit section; and a metal protective film covering 
at least a part of the circuit section from above. The circuit 
section may be placed on the upper Surface of the Substrate or 
may be embedded into the upper surface of the substrate. 

In the sensor device according to one or more embodiments 
of the present invention, at least a part of the circuit section is 
covered from above with the metal protective film, and envi 
ronmental resistance of the part of the circuit section that is 
covered with the metal protective film is enhanced. That is, 
according to one or more embodiments of the present inven 
tion, light shielding property of a circuit covered with the 
metal protective film becomes high, preventing malfunction 
of the circuit. Further, when the metal protective film is con 
nected to the ground, electromagnetic waves from outside can 
be shielded, making electromagnetic immunity (EMI) and 
electrostatic-discharge resistance (ESD resistance) of the cir 
cuit covered with the metal protective film satisfactory. Fur 
ther, moisture or ion can be shielded by the metal protective 
film, humidity resistance of the sensor device is improved 
and, further, environmental resistance thereof against corro 
sive gas, heavy metal contamination, or the like is also 
enhanced. Further, covering the sensor device with the metal 
protective film enhances mechanical strength of the acoustic 
SSO. 

In a sensor device according to one or more embodiments 
of the present invention, the circuit section is covered with a 
first insulating layer, and the metal protective film is formed 
on an upper Surface of the first insulating film. According to 
one or more embodiments, the circuit section can be protected 
by the first insulating layer, and formation of the metal pro 
tective film on the first insulating film facilitates manufactur 
ing of the metal protective film. 

Further, in one or more embodiments, the sensor section 
includes: a movable electrode provided above the substrate; a 
dome portion formed of an insulating material fixed to the 
upper surface of the substrate so as to cover the movable 
electrode with a gap interposed between itself and movable 
electrode; and a fixed electrode provided in the dome portion 
at a position facing the movable electrode. According to one 
or more embodiments of the present invention, the first insu 
lating layer has a thickness equal to that of the dome portion 
and is formed of the same material as that of the dome portion. 
Thus, formation of the first insulating film between the circuit 
section and metal protective film increases a distance between 
the circuit section and metal protective film, allowing an 
electrical parasitic component to be reduced. Further, the 
dome portion of the sensor section and first insulating layer 
have the same thickness, allowing the insulating protective 
film and first insulating layer to be formed using the same 
material and same process. 

Further, in one or more embodiments of the present inven 
tion, the sensor section includes: a movable electrode pro 
vided above the substrate; a dome portion formed of an insu 
lating material fixed to the upper Surface of the Substrate so as 
to cover the movable electrode with a gap interposed between 
itself and movable electrode; and a fixed electrode provided in 
the dome portion at a position facing the movable electrode. 
According to one or more embodiments of the present inven 
tion, a surface of the circuit section is covered with a second 
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insulating layer having a thickness equal to that of a gap 
formed between the movable electrode and fixed electrode, 
and the metal protective film is formed above the second 
insulating layer. Thus, formation of the second insulating film 
between the circuit section and metal protective film 
increases a distance between the circuit section and metal 
protective film, allowing an electrical parasitic component to 
be reduced. Further, a thickness of the second insulating layer 
is equal to that of an air gap between the movable electrode 
and fixed electrode, allowing the second insulating layer to be 
manufactured by the same film formation process as that for 
a sacrifice layer for forming an air gap between the movable 
electrode and fixed electrode, thereby simplifying a manufac 
turing process of the sensor device. 

Formation of the metal protective film allows the circuit 
section to be mechanically and physically protected, so that, 
in one or more embodiments of the present invention, Sub 
stantially the entire circuit section is covered with the metal 
protective film. However, in Some cases, an electrical para 
sitic component such as a parasitic capacitance between the 
circuit section and metal protective film becomes a problem 
depending on a type of a circuit provided in the circuit section. 
In Such a case, the metal protective film may be partially 
removed in an area above the circuit section. The removal of 
the metal protective film in a circuit that is subject to the 
electrical parasitic component between the circuit section and 
metal protective film allows reduction of adverse effect 
brought about by the electrical parasitic component of the 
circuit. 

Further, in the sensor device according to one or more 
embodiments of the present invention, the metal protective 
film may be electrically short-circuited to some of the con 
nection pads. Accordingly, connection of the connection pad 
to the ground allows the metal protective film to be connected 
to a ground potential. This further allows the metal protective 
film and connection pad to be manufactured by the same 
process. 

In a sensor device according to one or more embodiments 
of the present invention, an outer peripheral portion of the 
upper surface of the substrate may be exposed from the metal 
protective film. When a wafer on which a plurality of sensor 
devices are formed is divided into chips by laser dicing, by 
exposing the outer peripheral portion of the upper Surface of 
the Substrate, it is possible to easily conduct the chip dividing 
while preventing laser light from being shielded by the metal 
protective film. According to one or more embodiments of the 
present invention, the exposed area of the outer peripheral 
edge portion of the upper Surface of the Substrate is an area 
having a length of at least 40 um or more from an outer 
peripheral edge of the upper surface of the substrate. 

Further, according to one or more embodiments of the 
present invention, at least a surface of the metal protective 
film is formed of an Au film. Au has Superior corrosion 
resistance and low electrical resistance. Thus, forming at least 
a Surface of the metal protective film using the Au film makes 
environmental resistance of the sensor device satisfactory and 
enhances electromagnetic shield effect. 

In a sensor device according to one or more embodiments 
of the present invention, the sensor section may be an elec 
trostatic capacitance type. That is, the sensor section 
includes: a movable electrode provided above the substrate; a 
dome portion formed of an insulating material fixed to the 
upper surface of the substrate so as to cover the movable 
electrode with a gap interposed between itself and movable 
electrode; and a fixed electrode provided in the dome portion 
at a position facing the movable electrode. In one or more 
embodiments in which the electrostatic capacitance type sen 
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sorsection is adopted, the circuit section is covered with a first 
insulating layer having a thickness equal to that of the dome 
portion, and the metal protective film is formed on an upper 
Surface of the first insulating layer. According to one or more 
embodiments, formation of the first insulating layer between 
the circuit section and metal protective film increases a dis 
tance between the circuit portion and metal protective film, 
thereby allowing an electrical parasitic component to be 
reduced. 

Further, in one or more embodiments of the sensor device 
having the electrostatic capacitance type sensor section, a 
Surface of the circuit section is covered with a second insu 
lating layer having a thickness equal to that of a gap formed 
between the movable electrode and fixed electrode, and the 
metal protective film is formed above the second insulating 
layer. According to one or more embodiments, formation of 
the second insulating film between the circuit section and 
metal protective film increases a distance between the circuit 
section and metal protective film, allowing an electrical para 
sitic component to be reduced. Further, a thickness of the 
second insulating layer is equal to that of an air gap between 
the movable electrode and fixed electrode, allowing the sec 
ond insulating layer to be manufactured by the same film 
formation process as that for a sacrifice layer for forming an 
air gap between the movable electrode and fixed electrode, 
thereby simplifying a manufacturing process of the sensor 
device. 
The above-described components may be combined, and 

the present invention enables many variations by combina 
tion of the components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a sensor device according to a first 
embodiment of the present invention. 

FIG. 2 is a cross-sectional view taken along a line X-X of 
FIG 1. 

FIG.3 is a plan view of the sensor device of FIG. 1 in which 
a protective film is made transparent for descriptive purpose. 

FIG. 4 is a plan view of a sensor device according to a 
second embodiment. 

FIG. 5 is a cross-sectional view of the sensor device 
according to the second embodiment of the present invention. 

FIG. 6 is a cross-sectional view of the sensor device 
according to a third embodiment of the present invention. 

DETAILED DESCRIPTION 

Hereinafter, embodiments of the present invention will be 
described with reference to the accompanying drawings. In 
embodiments of the invention, numerous specific details are 
set forthin order to provide a more thorough understanding of 
the invention. However, it will be apparent to one of ordinary 
skill in the art that the invention may be practiced without 
these specific details. In other instances, well-known features 
have not been described in detail to avoid obscuring the 
invention. Although a sensor device (acoustic sensor device) 
having a microphone structure as a sensor section will be 
described in the following embodiments, a sensor device 
according to one or more embodiments of the present inven 
tion may have a sensor section other than the microphone 
structure. Further, the present invention is not limited to the 
following embodiments and may be modified in design with 
out departing from the scope of the present invention. 

First Embodiment 

A sensor device (microphone) according to a first embodi 
ment of the present invention will be described with reference 
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to FIGS. 1 to 3. FIG. 1 is a plan view of a sensor device 31 
according to the first embodiment of the present invention. 
FIG. 2 is a cross-sectional view taken along a line X-X of FIG. 
1. FIG. 3 is a plan view of the sensor device 31 in which a 
protective film is made transparent. 
The sensor device 31 is a microphone having a monolithic 

structure which is produced by utilizing MEMS technology, 
in which a sensor section 33 (microphone structure) and a 
circuit section 34 (integrated circuit) are formed on a single 
semiconductor substrate 32. The sensor section 33 is pro 
vided at a Substantially center portion of an upper Surface of 
the semiconductor substrate 32, and the circuit section 34 is 
provided around the sensor section 33 so as to surround the 
same. As a matter of course, the sensor section 33 need not 
always be provided at the centerportion of the semiconductor 
substrate 32, and the circuit section 34 need not always sur 
round the sensor section33. For example, the sensor section 
33 may be provided at a right side area of the upper surface of 
the semiconductor substrate 32, and the circuit section 34 
may be provided at a left side area thereof. 
As illustrated in FIG. 2, the semiconductor substrate 32 is, 

e.g., an Si Substrate or a compound semiconductor Substrate 
and has a cavity 35 (through hole) vertically penetrating a 
substantially center portion thereof. The cavity 35 serves as a 
back chamber or a front chamber of the microphone. The 
cavity 35 may be closed at its bottom. Although the cavity 35 
has a rectangular parallelepiped shape with a uniform hori 
Zontal cross-section in FIG. 2, a wall surface of the cavity 35 
may be tapered. 
As illustrated in FIG. 2, in the sensor section 33, a dia 

phragm 37 (movable electrode) is provided on the upper 
surface of the semiconductor substrate 32 through an anchor 
36, and a back plate 38 is provided above the diaphragm 37 
through a minute air gap. 

The diaphragm 37 is formed of a polysilicon thin film 
having conductivity. Although the diaphragm 37 has a disk 
like shape in FIG.3, it may beformed into a rectangular shape 
or any other shape. A band-like extraction wiring 39 extends 
outward from the diaphragm 37. The diaphragm 37 is dis 
posed on the upper surface of the semiconductor substrate 32 
so as to cover the upper face of the cavity 35, with a lower 
surface of an outer peripheral portion thereofsupported by the 
anchors 36 disposed at appropriate intervals. Thus, the dia 
phragm 37 is separated from the upper surface of the semi 
conductor substrate 32, and a narrow ventilation hole 40 for 
allowing acoustic vibration to pass therethrough is formed 
between the lower surface of the outer peripheral portion of 
the diaphragm 37 and upper surface of the semiconductor 
substrate 32. 
The back plate 38 includes a protective film 41 (insulting 

protective film) of SiN and a disk-like shaped fixed electrode 
film 42 (fixed electrode) of polysilicon formed on a lower 
surface of the protective film 41. The protective film 41 is 
formed into a dome shape at an area above the diaphragm37. 
and a dome portion 41a having the dome shape has a space 
between itself and diaphragm 37. 
A minute air gap is formed between a lower Surface (i.e., 

lower surface of the fixed electrode film 42) of the back plate 
38 and an upper surface of the diaphragm 37. The fixed 
electrode film 42 and diaphragm 37 face each other and 
constitute a capacitor for detecting the acoustic vibration and 
converting it into an electrical signal. An extraction wiring 43 
extends from an edge of the fixed electrode film 42. 
A large number of acoustic holes 44 for allowing the acous 

tic vibration to pass therethrough are formed over the sub 
stantially entire area of the back plate 38 so as to penetrate the 
back plate 38 from the upper surface to lower surface. As 
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6 
illustrated in FIG. 1, the acoustic holes 44 are arranged regu 
larly. Although the acoustic holes 44 are triangularly arranged 
in three directions intersecting each other at 120 degree 
angles in the illustrated example, they may be arranged rect 
angularly or concentrically. 

Further, as illustrated in FIG. 2, a minute columnar stopper 
53 (protrusion) protrudes from the lower surface of the back 
plate 38. The stopper 53 is provided for preventing the dia 
phragm 37 from sticking to the back plate 38. The stopper 53 
integrally protrudes from the lower surface of the protective 
film 41, passes the fixed electrode film 42, and protrudes from 
the lower surface of the back plate 38. The stopper 53 is 
formed of SiN like the protective film 41 and thus has insu 
lation property. 

In the sensor section 33 having the above structure, when 
the acoustic vibration passes the acoustic holes 44 and enters 
the air gap between the back plate 38 and diaphragm 37, the 
diaphragm 37 which is a thin film is vibrated by the acoustic 
vibration. The vibration of the diaphragm 37 changes a gap 
distance between the diaphragm 37 and fixed electrode film 
42, causing a change in electrostatic capacitance between the 
diaphragm37 and fixed electrode film 42. Thus, in the sensor 
device 31, the acoustic vibration (change in Sound pressure) 
sensed by the diaphragm 37 represents a change in the elec 
trostatic capacitance between the diaphragm 37 and fixed 
electrode film 42 and is output as an electrical signal. 
The circuit section 34 serves as a power Supply circuit, an 

amplifiercircuit, oran output circuit for the sensor section33. 
The circuit section 34 is formed on a surface layer of the 
semiconductor substrate 32 around the sensor section33. The 
circuit section 34 is covered with a second insulating layer 
formed of SiO, i.e., an insulating covering layer 45. Further, 
the protective film 41 covers the insulating covering layer 45. 
That is, an outer peripheral portion of the domeportion 41a of 
the protective film 41 is tightly fitted to the upper surface of 
the semiconductor substrate 32, thereby fixing the protective 
film 41 to the semiconductor substrate 32, and a first insulat 
ing layer extending outward from the dome portion 41a, i.e., 
a covering area 41b of the protective film 41 covers the insu 
lating covering layer 45 and upper Surface of the semicon 
ductor substrate 32. However, an outer peripheral edge por 
tion of the semiconductor substrate 32 is exposed from the 
insulating covering layer 45 and protective film 41. 
The insulating covering layer 45 is manufactured using the 

same material and the same process as a sacrifice layer for 
forming the air gap between the diaphragm 37 and fixed 
electrode film 42 and has a thickness equal to a height of the 
air gap between the diaphragm37 and fixed electrode film 42. 
Further, the protective film 41 is formed in a single process, so 
that a thickness of the covering area 41b is equal to a thickness 
of the dome portion 41a. 
A metal protective film 46 is formed on an upper surface of 

the covering area 41b of the protective film 41. The dome 
portion 41a is exposed from the metal protective film 46. The 
metal protective film 46 is formed of an Au film. Alterna 
tively, the metal protective film 46 may be formed of a metal 
multilayer film with the outermost surface thereof formed of 
the Au film. Hereinafter, the metal protective film 46 is 
assumed to be formed of the Au film. The extraction wiring 39 
of the diaphragm 37 is connected to the metal protective film 
46 and is thus electrically conducted with the metal protective 
film 46. A part of the Au film is separated from the metal 
protective film 46 to form electrode pads 47,48, 49a, and 49b. 
The electrode pad 47 is connected with the extraction wiring 
43 of the fixed electrode film 42 and is further connected to, as 
illustrated in FIG. 2, the circuit section 34 through a through 
hole 51. Thus, the electrode pad 47 is a terminal having the 
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same potential as the fixed electrode film 42. The electrode 
pad 48 is provided on the upper Surface of the insulating 
covering layer 45 in an opening of the protective film 41. The 
electrode pads 49a and 49b are provided on an upper surface 
of the protective film 41, an upper Surface of the insulating 
covering layer 45, or the upper Surface of the semiconductor 
substrate 32. The electrode pads 48, 49a, and 49b are electri 
cally conducted, as needed, with the circuit section 34, elec 
trode pad 47, semiconductor substrate 32, and the like. The 
electrode pad 50 is a terminal formed by partially removing 
the Au film and is electrically conducted with the metal pro 
tective film 46 and diaphragm 37. With the above structure, 
the metal protective film 46 and electrode pads 47, 48, 49a, 
49b, 50 can be manufactured using the same material and the 
same process, thereby simplifying a manufacturing process 
of the sensor device 31. As a result, manufacturing cost of the 
sensor device 31 can be reduced to achieve high mass pro 
ductivity. 

Further, a large part of the circuit section 34 is covered with 
the metal protective film 46, so that the circuit section 34 can 
be protected from a contamination factor or disturbance from 
outside. More specifically, a surface of the circuit section 34 
is covered with the metal protective film 46, so that light 
shielding property of the circuit section 34 becomes high, 
preventing the circuit section 34 from being affected even 
when the sensor device 31 receives strong light, which in turn 
prevents malfunction of the circuit section 34. 

Further, by connecting the electrode pad 50 to the ground 
by a bonding wire under a condition that the metal protective 
film 46 is connected to the ground, electromagnetic shield 
effect can be imparted to the metal protective film 46. Thus, 
the metal protective film 46 can shields electromagnetic 
waves from outside, making electromagnetic immunity 
(EMI) satisfactory. In general, a countermeasure against the 
electromagnetic wave can be made with packaging (casing); 
however, by applying the electromagnetic wave countermea 
Sure to the sensor device 31 itself, the packaging can be 
simplified, which leads to cost reduction of the sensor device 
31 including the packaging. Further, static electricity from 
outside is shielded by the metal protective film 46, thus mak 
ing electrostatic-discharge resistance (ESD resistance) satis 
factory. Further, connecting the electrode pad 50 to the 
ground under a condition that the metal protective film 46 is 
connected to a grounding pad of the circuit section 34 by a 
through hole or the like allows the grounding pad of the circuit 
section 34 to be connected to the ground at the same time, 
eliminating the need to individually perform ground connec 
tion. 

Further, covering the circuit section 34 with the metal 
protective film 46 allows moisture orion to be shielded by the 
metal protective film 46. As a result, humidity resistance of 
the sensor device 31 is improved and, further, environmental 
resistance thereof against corrosive gas, heavy metal con 
tamination, or the like is also enhanced. Further, impurities 
Such as phosphorus and boron are added to the insulating 
covering layer 45 (sacrifice layer for air gap formation that 
remains without being etched) for the purpose of increasing 
an etching rate for hydrofluoric acid. These impurities have 
effect of shielding ion contamination from outside, thereby 
further enhancing the environmental resistance of the sensor 
device 31. 

Further, a metal film is a ductile material, so that covering 
a surface of the sensor device 31 with the metal protective film 
46 enhances physical strength of the sensor device 31. Cov 
ering the circuit section 34 containing a large amount of 
brittle materials with the ductile material (metal protective 
film 46), prevents occurrence of a crack in the circuit section 
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34 which may be caused due to physical contact and, even if 
a crack occurs, it is difficult to advance further. 
When the metal protective film 46 or the outermost surface 

thereof is formed by the Au film, the environmental resistance 
of the sensor device 31 is made satisfactory since Au is a metal 
having Superior corrosion resistance and having low electri 
cal resistance, thus enhancing the electromagnetic shield 
effect. In a process of manufacturing an electrostatic capaci 
tance type MEMS microphone, sacrifice layer etching using 
hydrofluoric acid is carried out. Au is a material resistive to 
the hydrofluoric acid and is therefore suitable for the micro 
phone manufacturing process. Further, the Au film has excel 
lent wire bondability, so that it is best suited as a material of 
the electrode pad. 
A manufacturing process of the sensor device 31 includes 

producing of a plurality of sensor device 31 on a single wafer 
and Scanning the wafer with laser light collected thereon 
along a dicing Street to dice the wafer into a plurality of 
individual chips (sensor devices 31). This is because when a 
method of cutting the wafer using a dicing saw is applied to 
the sensor device 31 having the sensor section 33, cooling 
water or cutting scrap may enter the sensor section 33 to cause 
various damages. In the sensor device 31 of the first embodi 
ment, the outer peripheral portion of the upper surface of the 
semiconductor Substrate 32 is exposed from the insulating 
covering layer 45, protective film 41, and metal protective 
film 46 over the entire circumference. The exposed area 52 
serves as the dicing street for the laser dicing, and thus the 
circuit section 34 is not present in the exposed area 52. The 
metal protective film 46, protective film 41, and the like are 
not present on the dicing Street to expose the upper Surface of 
the semiconductor substrate 32 as described above, so that, at 
the chip dividing using the laser dicing, it is possible to 
prevent the laser light from being reflected by the metal pro 
tective film 46 and prevent a deviation of a focal position of 
the laser light or attenuation of laser light intensity by the 
protective film 41 and the like, thereby allowing the laser light 
to be collected inside the wafer with high power density. 
Thus, the chip dividing can be conducted reliably in short 
laser irradiation time, whereby it is possible to increase a 
dicing speed to improve throughput at the time of acoustic 
sensor manufacturing while reducing dividing failure rate of 
the sensor device 31. 
A width S of the exposed area 52, according to one or more 

embodiments of the present invention, is 40 um or more 
within Such a range that a chip size is not increased more than 
necessary. This results from laser irradiation property. Ingen 
eral, according to one or more embodiments of the present 
invention, the dicing street has a width obtained by multiply 
ing the wafer thickness by 0.4. For example, assuming that the 
wafer thickness is 400 um, according to one or more embodi 
ments of the present invention, the width S of the exposed area 
52 is 80 um (width of the dicing street on the wafer is 160 um). 
Further, in terms of handling easiness, according to one or 
more embodiments of the present invention, the wafer thick 
ness is 200 um or more in the manufacturing of the wafer, so 
that the width S of the exposed area 52 is 40 um (width of the 
dicing Street on the wafer is 80 um). As a result, according to 
one or more embodiments of the present invention, the width 
S of the exposed area 52 is 40 um or more. 

Second Embodiment 

FIGS. 4 and 5 are respectively a plan view and a cross 
sectional view of a sensor device 61 according to a second 
embodiment of the present invention. In the second embodi 
ment, the metal protective film 46 is partially removed at a 
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specific portion in an area above the circuit section 34. In the 
area where the metal protective film 46 is removed, the circuit 
section 34 is covered with only the insulating covering layer 
45 and protective film 41. 
When the area above the circuit section 34 is covered with 

the metal protective film 46, an electrical parasitic component 
Such as a parasitic capacitance is generated between the cir 
cuit section 34 and metal protective film 46, which may 
deteriorate characteristics of the sensor device. Therefore, in 
the above-described sensor device 31 of the first embodiment, 
the thick insulating covering layer 45 and protective film 41 
(insulating material forback plate, having a thickness of 1 um 
or more) are interposed between the circuit section 34 and 
metal protective film 46 to increase a distance between the 
circuit section 34 and metal protective film 46, thereby reduc 
ing the electrical parasitic component such as a parasitic 
capacitance caused due to presence of the metal protective 
film 46 and thus reducing deterioration in the characteristics 
of the acoustic sensor. 

However, in some cases, it may be insufficient to provide 
only the insulating covering layer 45 and protective film 41 
depending on a type of a circuit provided in the circuit section 
34. For example, a circuit on an upstream side of an amplifier 
circuit for converting a signal of the sensor section 33 is 
Subject to influence of the electrical parasitic component. In 
Such a case, it is effective to partially remove the metal pro 
tective film 46 in an area above a circuit portion 34a of the 
circuit section 34 that is subject to the electrical parasitic 
component, as illustrated in FIGS. 4 and 5. Thus, at a removal 
portion 62 of the metal protective film 46, the covering area 
41b of the protective film 41 that covers the circuit portion 
34a that is subject to the electrical parasitic component is 
exposed. 

Third Embodiment 

FIG. 6 is a cross-sectional view of a sensor device accord 
ing to a third embodiment of the present invention. In a sensor 
device 71 of the third embodiment, the fixed electrode film 42 
is formed using the Au film on the upper Surface of the dome 
portion 41a of the protective film 41. According to the third 
embodiment, use of Au allows both the fixed electrode film 42 
and metal protective film 46 to be formed in the same process, 
so that the number of manufacturing steps of the sensor 
device 71 can be reduced to reduce manufacturing cost. 

While the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from the 
Scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

DESCRIPTION OF SYMBOLS 

31, 61, 71 Sensor device 
32 Semiconductor substrate 
33 Sensor section 
34 Circuit section 
35 Cavity 
37 Diaphragm 
38 Back plate 
41 Protective film 
41a Dome portion 
41b Covering area 
42 Fixed electrode film 
45 Insulating covering layer 
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46 Metal protective film 
47, 48, 49a, 49b, 50 Electrode pad 
51 Through hole 
52 Exposed area 
62 Removal area 

The invention claimed is: 
1. A sensor device comprising: 
a Substrate; 
a sensor section provided on an upper Surface of the Sub 

Strate; 
a circuit section provided on the upper Surface of the Sub 

Strate; 
a plurality of connection pads that electrically conduct with 

the sensor section or the circuit section; and 
a metal protective film substantially covering the entire 

circuit section from above, 
wherein the sensor section includes: 

a movable electrode provided above the substrate; 
a dome portion formed of an insulating material fixed to 

the upper surface of the substrate so as to cover the 
movable electrode with a gap interposed between 
itself and movable electrode; and 

a fixed electrode provided in the dome portion at a posi 
tion facing the movable electrode, 

wherein a surface of the circuit section is covered with a 
second insulating layer having a thickness equal to that 
of a gap formed between the movable electrode and 
fixed electrode, and 

wherein the metal protective film is formed above the sec 
ond insulating layer. 

2. The sensor device according to claim 1, 
wherein the circuit section is covered with a first insulating 

layer, and 
wherein the metal protective film is formed on an upper 

surface of the first insulating film. 
3. A sensor device comprising: 
a Substrate; 
a sensor section provided on an upper Surface of the Sub 

Strate; 
a circuit section provided on the upper Surface of the Sub 

Strate; 
a plurality of connection pads that electrically conduct with 

the sensor section or the circuit section; and 
a metal protective film substantially covering the entire 

circuit section from above, 
wherein the circuit section is covered with a first insulating 

layer, 
wherein the metal protective film is formed on an upper 

Surface of the first insulating layer, 
wherein the sensor section includes: 

a movable electrode provided above the substrate; 
a dome portion formed of an insulating material fixed to 

the upper surface of the substrate so as to cover the 
movable electrode with a gap interposed between 
itself and movable electrode; and 

a fixed electrode provided in the dome portion at a posi 
tion facing the movable electrode, and 

wherein the first insulating layer has a thickness equal to 
that of the dome portion and is formed of the same 
material as that of the dome portion. 

4. The sensor device according to claim 3, 
wherein the metal protective film is removed partially in an 

area above the circuit section. 
5. The sensor device according to claim 3, 
wherein the metal protective film is electrically short-cir 

cuited to some of the connection pads. 
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6. The sensor device according to claim 3, 
wherein an outer peripheral portion of the upper surface of 

the substrate is exposed from the metal protective film. 
7. The sensor device according to claim 3, 
wherein an area having a length of at least 40 mm or more 

from an outer peripheral edge of the upper Surface of the 
substrate is exposed from the metal protective film. 

8. The sensor device according to claim 3, 
wherein at least a surface of the metal protective film is 

formed of an Au film. 
9. A sensor device comprising: 
a Substrate; 
a sensor section provided on an upper Surface of the Sub 

Strate; 
a circuit section provided on the upper Surface of the Sub 

Strate; 
a plurality of connection pads that electrically conduct with 

the sensor section or the circuit section; and 
a metal protective film substantially covering the entire 

circuit section from above, 
wherein the circuit section is covered with a first insulating 

layer, 
wherein the metal protective film is formed on an upper 

Surface of the first insulating layer, 
wherein the sensor section includes: 

a movable electrode provided above the substrate; 
a dome portion formed of an insulating material fixed to 

the upper surface of the substrate so as to cover the 
movable electrode with a gap interposed between 
itself and movable electrode; and 

a fixed electrode provided in the dome portion at a posi 
tion facing the movable electrode, 
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wherein a surface of the circuit section is covered with a 

second insulating layer having a thickness equal to that 
of a gap formed between the movable electrode and 
fixed electrode, and 

wherein the metal protective film is formed above the sec 
ond insulating layer. 

10. A sensor device comprising: 
a Substrate; 
a sensor section provided on an upper Surface of the Sub 

Strate; 
a circuit section provided on the upper Surface of the Sub 

Strate; 
a plurality of connection pads that electrically conduct with 

the sensor section or the circuit section; and 
a metal protective film substantially covering the entire 

circuit section from above, 
wherein the sensor section includes: 

a movable electrode provided above the substrate; 
a dome portion formed of an insulating material fixed to 

the upper surface of the substrate so as to cover the 
movable electrode with a gap interposed between 
itself and movable electrode; and 

a fixed electrode provided in the dome portion at a posi 
tion facing the movable electrode, 

wherein the circuit section is covered with a first insulating 
layer having a thickness equal to that of the dome por 
tion, and 

wherein the metal protective film is formed on an upper 
Surface of the first insulating layer. 
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